Reaction of 2-cinnamoyl-1-hydroxycarbazoles 2a -d, with phenacyl bromide, mercuric acetate and H 2 O 2 /NaOH under different reaction conditions yielded 2-benzoyl-3-styryl-furo[2,3-a]carbazoles 3a -d, 2-benzylidene-furo[2,3-a]carbazol-3(10H)-ones 4a -d and 3-hydroxy-2-phenylpyrano-[2,3-a]carbazol-4(11H)-ones 5a -d, respectively.
Introduction
Carbazole alkaloids have been isolated from the taxonomically related higher plants of the genus Murraya, Glycosmis and Clausena from the family Rutaceae [1 -3] . The 1-oxygenated carbazole alkaloids like clausine E, mukonine and koenoline belong to this family, and these classes of compounds are rich in their cytotoxic activity [4, 5] . The broad range of useful biological activities exhibited by many carbazole alkaloids promoted several research groups to develop synthetic strategies such as Fischer indolization, oxidative cyclization of diarylamines, transition metal-mediated and catalyzed processes for the total syntheses of carbazole compounds [6 -8] . The total syntheses of this class of compounds led to many interesting aspects and to the discovery of many furo-and pyranocarbazole alkaloids [9 -13] . Based on the interesting features of these 1-oxygenated compounds it was felt necessary to devise a simple synthetic method with a view to the future isolation of these biogenetically possible compounds from natural sources. Recently we reported the synthesis of some substituted pyranocarbazoles in which 2-cinnamoyl-1-hydroxycarbazoles are used as precursors [14 -17] , hence an attempt has been made to synthesize some furo-and pyranocarbazole analogs from the above mentioned precursor.
Results and Discussion
For the synthesis of furocarbazole derivatives, we treated 2-cinnamoyl-6-methyl-1-hydroxycarbazole 2a with phenacyl bromide in the presence of ignited 0932-0776 / 08 / 0900-1112 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com potassium carbonate in dry acetone and obtained product 3a. Its IR spectrum showed absorptions at 3349 and 1695 cm −1 due to the presence of N-H and C=O stretchings, respectively. In the proton NMR spectrum, a one-proton broad singlet at δ = 8.60 ppm accounted for the N-H proton. The resonance cluster in the region δ = 8.13 -7.24 ppm accounted for sixteen aromatic protons including one styryl β -proton. A doublet with J = 16 Hz was due to the styryl α-H present in the system at the C-3 position. A three-proton singlet at δ = 2.61 ppm was due to 7-CH 3 . The 13 C NMR spectra of 3a accounts for the presence of 30 carbons in the molecule. The molecular ion peak appeared at m/z = 427 with 81 % relative abundance. The elemental analysis supported the molecular formula C 30 H 21 NO 2 . A similar series of compounds were derived from 2b -d to yield 3b -d (Scheme 1).
Because of the biological importance of furocarbazoles, a similar type of reaction was carried out in which we treated 2a with mercuric acetate, which is well known for highly regioselective and stereospecific oxymercuration of olefins [18] , in the presence of dimethylsulfoxide to yield a yellow product. The IR spectrum showed N-H stretching at 3414 cm −1 and carbonyl stretching at 1688 cm −1 . The 1 H NMR spectrum showed a broad singlet at δ = 8.56 ppm for the N-H proton. Ten aromatic protons appeared as a multiplet in the region δ = 7.97 -7.06 ppm. Two singlets at δ = 6.49 and 2.55 ppm accounted for olefinic and 7-CH 3 protons, respectively. The presence of 22 carbons was inferred from the 13 C NMR spectra. The elemental analysis and the molecular ion peak at m/z = Scheme 1. 325 agreed well with the molecular formula C 22 H 15 -NO 2 . Based on all the data it was concluded that the product formed was 2-benzylidene-7-methylfuro[2,3-a]carbazol-3(10H)-one (4a). The generality of this reaction was tested with other carbazole derivatives (Scheme 1).
In order to obtain the biogenetically possible pyranocarbazoles, we treated 2a in alkaline hydrogen peroxide to obtain a yellow product which was identified as 3-hydroxy-8-methyl-2-phenylpyrano[2,3-a]carbazol-4(11H)-one (5a). Its IR spectrum showed absorptions at 3425, 3200, and 1618 cm −1 due the presence of N-H, OH and C=O groups, respectively. The carbonyl absorption was at low wavenumbers due the presence of a hydroxy group adjacent to the carbonyl group. The proton NMR spectrum showed two broad singlets at δ = 11.92 and 9.60 ppm due to the presence of OH and N-H protons. Ten aromatic protons appeared as a multiplet at δ = 8.53 -7.20 ppm, and a singlet at δ = 2.48 ppm due to 8-CH 3 . The mass spectra and the elemental analysis supported the molecular formula C 22 -H 15 NO 3 . A similar series of compounds 5b -d were realized from 2b, 2c and 2d, respectively (Scheme 1).
In conclusion, some biogenetically possible furoand pyranocarbazoles were synthesized using a simple synthetic pathway. These heterocyclic analogs may possess an important application towards biologically active natural products as well as in pharmaceuticals.
Experimental Section
Melting points were determined using a Mettler FP 51 apparatus (Mettler Instruments, Switzerland) and are uncorrected. IR spectra were recorded using KBr pellets on a Shimadzu FTIR-8201PC spectrophotometer. NMR spectra were recorded in CDCl 3 on a Varian AMX 400 FT-NMR instrument using TMS as internal standard. Mass spectra were recorded on a Jeol-D-300 mass spectrometer. Microanalyses were obtained with a Vario EL III model CHNS analyzer. The purity of the products was tested by TLC using plates coated with silica gel G and petroleum ether and ethyl / acetate (85 : 15) as the eluents.
Preparation of 2-benzoyl-3-styryl-furo[2,3-a]carbazole (3); general procedure
A mixture of the respective 2-cinnamoyl-1-hydroxycarbazole (2, 0.001 mol), phenacyl bromide (200 mg, 0.001 mol) and ignited potassium carbonate (276 mg, 0.002 mol) in dry acetone (15 mL) was refluxed in a steam bath for 4 h. The reaction was monitored by TLC. After the completion of the reaction the excess solvent was removed, and the reaction mixture was poured onto ice water. The solid was filtered, dried, and purified by column chromatography over silica gel using petroleum ether ethyl / acetate (95 : 5) as eluant to get the respective 2-benzoyl-3-styryl-furo[2,3-a]carbazole 3. The compound thus obtained was recrystallized from ethanol. -3-styryl-8-methylfuro[2,3-a]carbazole (3b 
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Preparation of 2-benzylidene-7-furo[2,3-a]carbazol-3(10H)-one (4); general procedure
The respective 2-cinnamoyl-1-hydroxycarbazole (2, 0.001 mol) was dissolved in dimethylsulfoxide (6 mL), and after adding mercuric acetate (0.0015 mol) the mixture was refluxed for 6 h. The reaction was monitored by TLC. After completion, the mixture was poured into ice-cold water. A yellow solid was separated, which was filtered, washed with water, dried and recrystallized from methanol to yield the corresponding 2-benzylidene-7-furo[2,3-a]carbazol--3(10H)-one 4 as yellow prisms. To a solution of a 2-cinnamoyl-1-hydroxycarbazole (2, 0.001 mol), in 20 mL of a 10 % alcoholic sodium hydroxide kept at 0 • C, hydrogen peroxide (2 mL) was added in drops, and the mixture was stirred for 5 h. The reaction was monitored by TLC. After the completion of the reaction the solvent was removed, and the residue was poured onto ice water. The separated solid was filtered, dried and purified by column chromatography over silica gel using petroleum ether ethyl / acetate (85 : 15) as eluant to get the respective 3-hydroxy-2-phenylpyrano[2,3-a]carbazol-4(11H)-one 5. The compound thus obtained was recrystallized from ethanol to yield pale yellow crystals. 
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